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(54) TiUe: HYPOLIPIDEMIC BICYCLIC DERIVATIVES 
(57) Abstract 

The invention concerns compounds of formula (T) 
wherein: I is an integer of from 1 to 4; m is an integer of 
from 0 to 2; R is independently selected from hydrogen 
halogen, mtro, hydroxy, phenylalkoxy, Cm alkoxy C J 
alkyl, -SO3R", -CO*" and -OiOfeV*)*" ^ 
P is an integer of from 1 to 4 and R" is hydrogen or 
Cm alkyl, wherem said phenylalkoxy, alkoxy and alkvl 
groups are optionally substituted by one or more halogen 
atoms; Ri is phenyl or pyridyl optionally substituted by one 
K> five groups independently selected from halogen, nitro 
hydroxy .Phenylalkoxy, Cm alkoxy. C„ alkyl, fso*^ 

S to T ^^ pS03R "' wherein P h M of 

SiJW WlUCb ^ oP^rsubstimw oneT ^S^^E^"? ^W). C M alkenyl. and 
aJkoxy hydroxy, amino optionally substituted by Cu alkvl ri.,7. ZTr^T. mde P end «tly selected from halogen, oxo C. ^ 

(including cycloalkyl and cycloali^lalkyTcL altentl T^rf ^ I" 6 ^l^' R h 8 ^pendently selected from CU alkvl 
moms independentiy select fronfh^^ 

solvates thereof, to processes for their synthesis, to pharm^utS " ft " d P hamaceuticall y acceptable derivatives or 

as hypolipidemic agents. ' pnannacel,t,cal compositions contaimng them and to their use in medicine panicdarj 
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■ ' ■ HYPOLIPIDEM IC- BICYCUfi iDFR n/am /ce 

^p«M invent™ ■„ concerned w«h new hypolipidemic compounds with 
processes end novel intermediate, lor .heir prepared, w8h ^LoLS 
composes containing mem a*d w* ^ r use in medidne , ^ J ^ 
propt.yla.es end treatment o. bypertipidemic cordons, such es emerosderosL 

Hypertipidemic oonditione are often eseooiated with elevated plasma 
concents of low denaHy lipoprotein .(LDL) choieate™! and re ryl %Z 
poprote,„ (VLDL) cholesterol. Su* concemrafcns can be re7uceTt 

irrr rr ■"* a * *- ■» °- 

telZr, B 10 inh "* * he bte acld a *« **• ^tem in me 

aod by the ,,ver end me resuming incase i„ de m8nd for * 

srs Zarsjr - — - - - 

International Paten. Application Noa. PCT/GB/9300328 and PCT/GB95/01684 
escnbe hypoxemic l.a-benzomiezepme compounds. Mo^T 
Mmm Paten, Application No. PCT/GB95/02700 desotibed hypoS 

benzomiepmes as ^ useM * * ~ - 

nvoll 0 ' T' C ° mP0UndS 1,35 ^ ■*■> -» Possess 

reduce the plasma or serum concentrations of LDL and VLDL ohota*.*.. • 
conaeouence ere particuiarty us*u, es hypoxic ^t^TZ 
ooncenoadona of choteaterol end cholesterol JL in h^ZTH 

and reduce ,he mctdence of coronary heart disease-releted events. The letter 

"otestoTand chTT T ~~*« * *— -cen^ 
chotestemi and cholesterol ester in .he plasma or serum. Although it is believed 
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nil rrt? ^ tranSP ° rter th * -^anistic descriptor 

intended to limit the scope of the invention 



not 



« »XTk 0 ' hi5 SPMffiCa * >n ' 3 'WW"* — *» k defined as 

Thus, the p^sent invention provides nove , ^ of ^ (|) 

(?). 



(I) 



R" 



wherein : 

lis anintegeroffrom1to4; 
mis an integer of from 0 to 2; 



R is independently selected from hydrogen haloaen nitrn k - 
where.npisanintegeroffrom1to4andR4h.Hrn ^ °< CH 2)pS0 3 R 

so,, ; co r and ^^trr^ci^T?; 

and R is hydrogen or C M alkyl. wherein said phenylalkoxv altaZL. 11 
Sroups are opfcnally seated by one or n™ LEST"* ""' ^ 

«o and Mr0Xy ' S ~ * CM ** 
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hatogen oxo. c M alkoxy, hydroxy, amino optionally substituted by c , 6 aky , 

thio, and C M alkylthio: 1-6 y 

XisCH20rNH; 

YisCH2orO; and 

ZisCHorN: 

provided that when X is CH2, Y is O; 

and pharmaceutically acceptable derivatives or solvates thereof. 

Referring to formula (I), suitably I is 1 or 2. Preferably l is 2. 
pra^rn,^ U ' a(l) ' SUteb,ymiS0 ' , ' OT2 - ^ntistorz Most 

Referring ,0 formula (I), suitably R is hydrogen, halogen, hydroxy ClJ afcoxv 

memoT ^ R " **™ *> »■ bmmoCZ 

methoxy. or a combination thereof. Most oreferablv R «, L h 

hydroxy, methoxy or a oombinahon mare" C, ^ or 2 Tslral 7°' 
the 7- and/o, 8- posta of the molecule. an I is 1 or 2. R is preferably ,n 

grerrereT fe ( L SU ^ Rl " " « 

<»' "*'* " 2 iS 3 ^ "*»*"' alkyl group R 2 is 
preferably methyl, ethyl or n-propyl. Most prefereblyR2 | S elhyl P 

MM* R3 . ^ ^ ^ ^ ^ ^ P 
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R ferring to formula (I), preferably when X is NH, Y is CH 2 and Z is CH or N. 

Preferred sub-classes of compounds of formula m- M ~~ , 
compounds of formulae (.a), (.b and (.c) ' ^ * ** 



A' 




R J (R)f 




(la) 

W») (ic) 
w ere.n I, m, R, R 1. r2 and r3 are as 

reference to (,b) and (,c), Riand R 3 are in a trans spatfa, J2££ 
and pharmaceutically acceptable derivatives or solvates thereof. 



i n_Di 



\V// 



n-Bu 




(Id) 

wherein R and I are hereinbefore defined- 
and pharmaceutically acceptable derivatives or solvates thereof. 

Preferred compounds of the invention include- 

d^ 6 ^ 1.1- 
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S-Butyl-S-Ethyl^.S^.S-Tetrahydro-T.S-Dichloro-S-phenyM 2 5- 
Benzothiadiazepine 1,1 -dioxide; 

3-B U tyl-3^thyl-2,3,4,5-tetrahydro-7,8-dimethoxy-5-phenyl-1 2 5- 
benzothiadiazepine 1,1-dioxide; 

3-Butyl-3-ethy|-2,3,4,5-tetrahydro-7,8-dihydroxy-5- P henyl-1 2 5- 
benzothiadiazepine 1,1-dioxide; 

2 5 . 

benzothiadiazepine 1,1-dioxide- 

^uty,3.thy,-2,3-d^ ^ 

(±)-Trans-3-butyl-3-ethy|.2,3-dM 
benzothioxepine 1,1 -dioxide; 

benzoth.adiazepine 1,1-dioxide; Pnenyu,^ 

benzothiadiazepine 1.1-dioxide; P"enyn,o 
and pharmaceutical^ acceptable derivatives thereof. 

<2*7» t,? f T ed C ° mP0UndS ° f the Present inven *» rotate 

benzothiadiazepine 1,1-dioxide- 
benzothiadiazepine 1,1-dioxide- 
benzothiadiazepine 1,1-dioxide; 
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(3S)-3-Bu^^ 

Benzothiadiazepine 1,1-dioxide; ^ " . 

benzothiadiazepine 1,1-dioxide; ^Pnenyn.2,5- 

(3S)-3-Butyl-3^thyl-2,3,4,5-tetrahydro-7.8<lihydro^ 2 5. 
benzothiadiazepine 1,1-dioxide; P n enyn,2,5 

benzothiadiazepine 1,1 dioxide; fienyn^.o. 

(7S,9R).7-Ethy|.^ 

benzocycloheptane 5,5-dioxide; 

^R,5R)-3-Butyl-3-ethyl-2,3-dihydro-8-methoxy-5-phenyl-5H-14- 
benzothioxepine 1,1-dioxide- 

and pharmaceutically acceptable derivatives thereof. 

By "a pharmaceutically acceptable derivative" is meant »m, nh 

acceptable salt estPr nr«,, ♦ u ny P ha ™aceutically 

the parent i e ^ aqUM " s soluM «» to 

acids. l^^^J^T^ ^ 3nd tnfluoroacetic 
nydrochlonde salt ,s P art,cularly preferred for medical purposes. 
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metal salts such,as S od,unvand potassium salts. and 
as magnesium ana calcium salts. 

Salts having a non^harmaceulically acceptable anion ate within the scooe of 
to .nvenhon as usefc, intennedates for the preparation or pun^on o 

e«lr T V aCC6P,abte ^ "** * « in "on-theraper to 
example, in vitro, applications. 

»"SS, « * ■"«*««• of the compounds o, the 
uwenhon. Such prodrugs, which ma y include pharmaceutical* acceptable 
enters a 5 ^ at)ove ^ ^ ^ » *** 

to the invenhon. These prodrugs mpylr ™ y nofbe 

The compounds of ft. present invention can also exist h different polymorphic 
femts. for exampte. amorphous and o^stalline polvmomhkt foiT « 

scope of the mention and are a further aspect thereof. 

"T 38 USe ° he ' ein Unl8ss «*«'" *** to a monovalent 
^atghl or branched chain radio,, ukewise. me tenm -akroxy ZZT, 

~ r t or branched ** — *— * - -~ 

moiety through an oxygen atom. The term "phenvlalkoxv" r*fe re ♦ 

r;rr,:r 9roup ^ ,o a *— c i^~ ; 

dtw?^ TTT"*" - W» atom. AH other 

tamts refer to terms of art which are wen know to those skilled in the art. 

ITn Hs £LT I " iS/a ' e * taL 71,6 ■»""* *"•*» ™wes 
withm te scope each possible optical isomer substantially free ie Z 

more opbcal .somers ,n any proportions, induding racemio matures. 
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Inthos «ses where the. absolute stereochemistry at -C(R2)m3) anri ~ we1 
compounds herein the bulkier of ^ #JT™* . """ 
compounds in which ,hey are located on opposite „" » ' hMe 

been resolved are referred t« h=™ • . t "™ oua enanttomers have nol 
reu are rererred to herein using the prefix ■(+.).•• 

All references to "compounds of formula m- „, ■ 

invention- or the like mhreTeT * compounds of t he present 

- "escribed £ 2 'ITST* ^ ^ < te «" 

sorvates. ^""""cally acceptable derivatives or 

According to further aspects of the invention, mere are also proved: 

<•> compounds of formula (I) fo, use in Iherapy pa*^*, m «. 

one acia uptake inhibitor is indicated 
hypedWem.oondta.suchasamerosc^S ' 

SUBSTITUTE SHEET (RULE 26) 



W098/38182 



PCT/EP98/01078 



9 



a mamma such as a - human, which comprises administering an 
effective ^ acid absorption jnhjb , ng J » 

fe^uM.) to the mamma., optionally, in combination wrth one o more 
other physiologically active agents. 



(e) 



(0 



DLtd 1 7 ^ ^ Pl3Sma " ^ COncentra «-s of 
LI ° ° ,eSter01 in 3 mammal ' such as * human, which 
compnses administering to the mammal an effective choeZ, 
reduce amount of a compound of formula (,), 

eT^he JET? ^ C ° nCentrati0nS ° f Ch0,eSt6rol and **— 
estenn the blood plasma or serum of a mammal, such as a human 

which comprises administering to the mamma, an effective cho^Zi 
o na.,y, ,n comb,nation w*h one or more other physiologically act! 



(g) 



(h) 



a method of increasing the fecal excretion of bile acids in a mammal 
ch as a human, which comprises administering to the mamma" 

fomta 6 f 2 *? eXCrefon inCreaSi " 9 «« - * ~ o 
formula (I), optionally, in combination with one or more other 

Physiologically active agents; 

LmlaTsr: P T yl3XiS " ° f 3 dinical - a 

indeed, for examp)e g nyper|jpjdemjc 

atheroscleros,s, which comprises administering to the mamma, a 
therapeubcany effective amount of a compound of the ZTm 
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11 

preferably presented with an acceptable carrier in the form of a pharmaceutical 
composition. The carrier must, of course, be acceptable in the sense of being 
compatible with the other ingredients of the composition and must not be 
deleterious to the recipient. The carrier can be a solid or a liquid, or both, and is 
preferably formulated with the compound as a unit-dose composition, for 
example, a tablet, which can contain from 0.05% to 95% by weight of the active 
compound. Other pharmacologically active substances can also be present 
including other compounds of formula (I). The pharmaceutical compositions of 
the invention can be prepared by any of the well known techniques of pharmacy 
consisting essentially of admixing the components. 

When the compound of formula (I) is used in combination with one or more other 
physiologically active agents as described hereinbefore, the amount of the other 
physiologically active agents required to achieve the desired biological effect will 
also depend on a number of factors. The specific dose and dosing schedule will 
be readily determinable by those skilled in the art. In general, the dose utilized 
will be the dose approved for medical use in humans. 

Pharmaceutical compositions according to the present invention include those 
suitable for oral, rectal, topical, buccal (e.g. sub-lingual) and parenteral (e.g. 
subcutaneous, intramuscular, intradermal, or intravenous) administration, 
although the most suitable route in any given case will depend on the nature 
and severity of the condition being treated and on the nature of the particular 
compound of formula (I) which is being used. Enteric-coated and enteric-coated 
controlled release formulations are also within the scope of the invention. 
Suitable enteric coatings include cellulose acetate phthalate, polyvinylacetate 
phthalate, hydroxypropylmethylcellulose phthalate and anionic polymers of 
methacrylic acid and methacrylic acid methyl ester. Suitable enteric coated and 
enteric coated controlled release formulations include tablets and capsules. 

Pharmaceutical compositions suitable for oral administration can be presented 
in discrete units, such as capsules, cachets, lozenges, or tablets, each 
containing a predetermined amount of a compound of.formula (I); as a powder 
or granules; as a solution or a suspension in an aqueous or non-aqueous liquid; 
or as an oil-in-water or water-in-oil emulsion. As indicated, such compositions 
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13 

formula (I) w,(h. for example, microcystalline cellulose and/or lactose extrudi™ 
are coated w«h an entenc membrane, for example cellulose acetate nhL,Z 

:r:nr err 

usually sucrose and acacia or traaacanth 2 r L b3Se ' 

«r adminisfered in*™*. ^ L^TTS" 

- — - — * contain 

example, cocoa butter, and then shaping the resulting mixture. 

Pharmaceutical compositions suitable for tonirai a „«r *• 
preferably take the fnrmnf^n ■* P application to the skin 

Iy raKe tne form of an ointment, cream lotion M«te n«i 
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Transdermal administration is also possible Pha m *~ *• , 
^Ea«!i!!S!lR^ * 38 de5enbe<1 



in 



be prepared by conventional methods known to a skilled 
anal^ousmannertoprocessesdescnbedlnthean. * " " " 

For example, compounds of the formula (I) wherein R R' # p» 

described hereinbefore, X is NH Y is CH 7 k m . J ' ' ' * ' 3,8 as 

by cyclizaton of compounds o "oil » m is 2 can be prepared 



NH 
R 1 
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15 



H H *\ R 2 °V'° 



(IV) 



be carted m „ a 8 * L J T ^ ** — , * ,he reM °" « 
Presence o Z Z £ * ,et ~ ra " <™» in the 

•20" C to ,00- C a* p re ^Xc 5 ~ -~ <* exan* 
compounds of formula (IVa): ( ^ be prepared from 





(R), (IVa) 
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wherein R and I, are as described hereinbefore and L k ha .« < 

by oxidafcon of a compound of formula (.va 2 f ex m eXamP ' e ' 

The compounds of formu, (,.,) can be prepared from compounds of formu, 



(V): 



H 2 N 




example THF) at a non-eytrpmo ♦ V ° rgan,c so,vent < for 

« jl; r; ~rr r r c e :r °: c ,o 2504 r ^ 

the solvent). C 0r the reflux temperature of 

founds or to,* (V) ran be prepared by condensjng ^ 




R NH 2 (Via) 
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17 



•*» R ■ #. R J . and m are as described hereinbefore and L b a suitabte 
feavmg grnup sucn ., alkoxy . for exaM appn^lan^ 
am,nopynd,ne of famula W a). For exampie. me compound of foimiria (Vh can 

appropnate aniline te reacted with th. compound of formuia W te" 

preferably between -78° C and 0° C. d 

The appropriate aniline or aminopyridine compounds of form.,i a a/, . 
commercially available nr r an k j-, "P° unas « formula (Via) are 



N 

wherein R 2 , r 3 



(VII) 



•emperature between , c and „ c , ^ J^J^ ~™ 

^rr;:'^ ran * preparM * — - — - . 

rormuia (VIII) with an appropnate alkyl halide (Villa): 
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R 3 — Q (Villa) 



eXamPle ' "* B 0 "" e COmP ° Und ° ,tamub WID can be 
generated by reacnng me compound of M, (VHI) w«h a sutable base (for 

ZT. hVdrtde| 3 5U " aWe "° r exam * DMF) a, a nop- 

extreme temperature between g> C and 50' C, preferabiy room temperature 
™e appropnafa a, M nal ide (for example an a*yl iodWe) * added and allowS 

lTalttra. n ° MX,reme ' emPera "" e °° C C ' preferabl V «" 

Tba compounds of fomtula (VIII, can ba prepared from compounds of formula 




(IX) 



tZZ are 38 ^ herehbel ^ "V reaction, for axampla witb 

dicMoramethane) at a norvextreme temperature between 0" C and 50° C 
preferably room temperature. ' 

7 ? 0,6 8,1 The ""^pending camoxySc acids of 

compounds of ma ram* (1 X> are commerce avatable or can ba readi* 
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(XVIII). 



wherein R, R 1 , R 2 , R 3 , and I are as described hereinbefore, for example, by acid 
catalyzed hydrolysis with, for example, an ion exchange resin such as Nafion® 
5 NR50 beads in a suitable solvent, for example an organic solvent such as 
toluene at a non-extreme temperature between 0° C and 250° C, preferably at 
the reflux temperature. 

The compounds of formula (XVIII) as hereinbefore defined as well as each 
10 possible optical isomer substantially free, i.e., associated with less than 5% of 
any other optical isomer(s), and mixtures of one or more optical isomers in any 
proportions, including racemic mixtures are novel and constitute a further aspect 
of the present invention. 

15 Compounds of formula (XVIII) can be prepared by reduction of the keto- 
compounds of formula (XIX): 



20 wherein R, R 1 , R 2 , R 3 , and I are as described hereinbefore, for example, with a 
hydride reducing agent such as sodium borohydride in a suitable solvent such 
as methanol at a non-extreme temperature between 0° C and 100° C, preferably 
at room temperature. 

25 The compounds of formula (XIX) as hereinbefore defined as well as each 
possible optical isomer substantially free, i.e., associated with less than 5% of 
any other optical isomer(s), and mixtures of one or more optical isomers in any 
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MB 



O 




(Villa) 



wherein R 2 and R 3 are as described hereinbefore with an appropriate compound 
of formula (Villa) wherein Q is a suitable leaving group such as halo, for 
example iodo. For example, the anion of the compound of formula (VIII) can be 
generated by reacting the compound of formula (VIII) with a suitable base (for 
example sodium hydride) in a suitable solvent (for example DMF) at a non- 
extreme temperature between 0° C and 50° C, preferably room temperature. 
The appropriate alkyl halide (for example an alkyl iodide) is added and allowed 
to react at a non-extreme temperature between 0° C and 50° C. preferably room 
temperature. 

The compounds of formula (VIII) can be prepared from compounds of formula 

(IX): 



O 




NH 2 



wherein R 3 and L are as defined hereinbefore by reaction, for example, with 
benzaldehyde in the presence of a dehydrating agent (for example magnesium 
sulfate) and a base (for example triethylamine) in a suitable solvent (for example 
dichloromethane) at a non-extreme temperature between 0° C and 50° C, 
preferably room temperature. 

Compounds of formula (IX) can be prepared from the corresponding carboxylic 
acid by methods well known in the art. The corresponding carboxylic acids of 
compounds of the formula (IX) are commercially available or can be readily 
prepared by one skilled in the art following readily available literature 
procedures. 
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Compounds of formula (I) wherein R, R\ R 2 , R 3 , and I are as described 
hereinbefore, X is NH, Y is CH 2 , Z is CH 2 and n is 2 can be prepared by 
reduction of the olefinic bond of compounds of formula (X): 

5 




wherein R, R 1 . R 2 , R 3 , and I are as described hereinbefore. For example, the 
reduction can be accomplished by catalytic hydrogenation with, for example, 

10 hydrogen and a palladium catalyst such as palladium hydroxide or palladium on 
carbon in a suitable solvent (for example an alcohol such as ethanol), optionally 
under pressure (for example 10-50 p.s.L), and at a non-extreme temperature 
between 0° C and 50° C, preferably room temperature. Alternatively, the 
reduction can be carried out with a boron compound, for example borane, in a 

1 5 suitable solvent such as THF. 

The compounds of formula (X) as hereinbefore defined as well as each possible 
optical isomer substantially free, i.e., associated with less than 5% of any other 
optical isomer(s), and mixtures of one or more optical isomers in any 
20 proportions, including racemic mixtures are novel and constitute a further aspect 
of the present invention. 

Compounds of formula (X) can be prepared by cyclization of compounds of 
formula (XI): 

25 
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wher in R, R 1 , R 2 , R 3 , and I are as described hereinbefore. For example, the 
cyciization can be carried out with low valent titanium (for example, the low 
valent titanium can be made in situ from titanium, trichloride and a suitable 
reducing agent such as Zn/Cu or lithium) in a suitable solvent, such as 
5 dimethoxyethane, and at a non-extreme temperature between 0° C and 250° C, 
preferably between 25° C and 100° C, for example at the reflux temperature. 

The compounds of formula (XI) as hereinbefore defined as well as each 
possible optical isomer substantially free, i.e., associated with less than 5% of 
10 any other optical isomer(s), and mixtures of one or more optical isomers in any 
proportions, including racemic mixtures are novel and constitute a further aspect 
of the present invention. 

Compounds of formula (XI) are prepared by oxidation of the corresponding 
15 alcohol compounds of formula (XII): 




wherein R, R 1 , R 2 t R 3 , and I are as described hereinbefore, by oxidation of the 
20 alcohol to an aldehyde, for example with an oxidizing agent such as pyridinium 
chlorochromate in a suitable solvent, for example methylenechloride, at a non- 
extreme temperature between 0° C and 50° C, preferably room temperature. 

The compounds of formula (XII) as hereinbefore defined as well as each 
25 possible optical isomer substantially free, i.e., associated with less than 5% of 
any other optical isomer(s), and mixtures of one or more optical isomers in any 
proportions, including racemic mixtures are novel and constitute a further aspect 
of the present invention. 

30 Compounds of formula (XII) can be prepared by reacting a compound of formula 
(XIII) with a compound of formula (XIV): 
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wherein R, R 1 , R 2 f R 3 , and I are as described hereinbefore, and L is a suitable 
5 leaving group, for example a halogen, such as chloro. For example, the 
reaction can be carried out in a suitable solvent, for example THF, optionally in 
the presence of a base, for example an organic base such as triethylamine, at a 
non-extreme temperature between 0° C and 100° C, preferably room 
temperature. 

10 

Compounds of formula (XIII) can be prepared by reduction of compounds of 
formula (VI), described hereinbefore, with, for example, a hydride reducing 
agent, for example lithium aluminum hydride, in a suitable solvent, for example 
THF, at a non-extreme temperature between 0° C and 100° C, preferably room 
15 temperature. 



Compounds of formula (XIV) can be prepared from compounds of formula (XV): 




wherein R, R 1 , and I are as described hereinbefore, for example, by oxidation of 
a compound of formula (XV) with, for example potassium nitrate and conversion 
to a sulfonyl halide with a sulfuryl halide such as sulfuryl chloride, in a suitable 
solvent, for example, acetonitrile, at a non-extreme temperature between 0° C 
25 and 100° C, preferably room temperature. 
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Compounds of^ formula '(XV). can- be prjepared by reacting the appropriate 
thiophenohcompoundipf formula (XVI) with the appropriate nitrile compound of 
formula (XVII): 



wherein R, R 1 , and I are as described hereinbefore followed by hydrolysis to 
give the thio-keto compound of formula (XV). For example, the reaction can be 
carried out by first generating the alpha anion of the thiophenol with, for 

10 example, an alkyllithium compound such as n-butyllithium in the presence of a 
co-solvent such as N.N^'.NMetramethylethylenediamine (TMEDA) in a suitable 
solvent, for example, cyclohexane at a non-extreme temperature between 0° C 
and 100° C, preferably room temperature. The thiophenol anion is then reacted 
with the appropriate benzonitrile compound of formula (XVII) at a non-extreme 

15 temperature between 0° C and 100° C, preferably room temperature. 
Subsequent hydrolysis, for example with a base such as sodium hydroxide, 
provides the thio-keto compound of formula (XV). 

Compounds of formula (I) wherein X and Z are CH 2 , Y is O, and m is 2 can be 
20 prepared, for example, by oxidation of the corresponding compound of formula 
(I) wherein m is 0 with an oxidizing agent, for example 4-methyl-morpholine-N- 
oxide in the presence of an inorganic oxidizing agent such as osmium tetroxide 
at a non-extreme temperature between 0° C and 100° C, preferably room 
temperature. Alternatively, this oxidation may be suitably carried out by reaction 
25 with a peroxide, for example hydrogen peroxide or a peroxy acid. The 
compound of formula (I) wherein m is 1 can be prepared from the corresponding 
compound where m is 0 using a peroxide as described above. 

Compounds of formula (l> wherein X and Z are CH 2 , Y is O, and m is 0 can be 
30 prepared by cydization of compounds of formula (XVIII): 




5 



(XVI) 



(XVII) 
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.(«>,- 




(XVIII) 



wherein R, R 1 , R 2 , R 3 , and I are as described hereinbefore, for example, by acid 
catalyzed hydrolysis with, for example, an ion exchange resin such as Nafion® 
5 NR50 beads in a suitable solvent, for example an organic solvent such as 
toluene at a non-extreme temperature between 0° C and 250° C, preferably at 
the reflux temperature. 

The compounds of formula (XVIII) as hereinbefore defined as well as each 
10 possible optical isomer substantially free, i.e., associated with less than 5% of 
any other optical isomer(s), and mixtures of one or more optical isomers in any 
proportions, including racemic mixtures are novel and constitute a further aspect 
of the present invention. 

15 Compounds of formula (XVIII) can be prepared by reduction of the keto- 
compounds of formula (XIX): 



20 wherein R, R 1 , R 2 , R 3 , and I are as described hereinbefore, for example, with a 
hydride reducing agent such as sodium borohydride in a suitable solvent such 
as methanol at a non-extreme temperature between 0° C and 100° C, preferably 
at room temperature. 

25 The compounds of formula (XIX) as hereinbefore defined as well as each 
possible optical isomer substantially free, i.e., associated with less than 5% of 
any other optical isomer(s), and mixtures of one or more optical isomers in any 
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proportions.including racemic mixtures- are novel and constitute a further aspect 
of the present invention,- > 

Compounds of formula (XIX) can be prepared by deprotecting a compound of 
5 formula (XX): 




(XX) (XXI) 



wherein R, R 1 , and I are as described hereinbefore and alk is a alkyl group, 
10 and reacting the resulting thiophenol with the appropriately substituted epoxide 
of formula (XXI) wherein R 2 and R 3 are as described hereinbefore. The 
deprotection can be carried out with, for example, a base such as sodium 
hydroxide in a suitable solvent such as THF and/or methanol at a non-extreme 
temperature between 0° C and 250° C, preferably at about 50 0 C. The resulting 
15 thiophenol is reacted with the appropriate epoxide optionally in the presence of 
a lewis acid catalyst such as tetrabutylammonium fluoride optionally in a suitable 
solvent at a non-extreme temperature between 0° C and 250° C, preferably at 
room temperature. 

20 The epoxides of formula (XXI) are commercially available or can be readily 
prepared by one skilled in the art following readily available literature 
procedures. For example, the epoxides of formula (XXI) can be prepared by 
reaction of a sulfur methylide with an appropriate alkyl-ketone at a non-extreme 
temperature between 0° C and 250° C, preferably at about 50 0 C. 

25 

The compounds of formula (XX) can be prepared by rearrangement of the 
corresponding compounds of formula (XXII): 
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fj N(alk), 



.0 



(XXII) 



wherein R, R 1 , and alk are as described hereinbefore, for example, by heating at 
a temperature of about 255° C in a suitable solvent, for example, tetradecane. 

The compounds of formula (XXII) can be prepared by reacting a compound of 
formula (XXIII): 



wherein R, R 1 , and I are as described hereinbefore with, for example, 
dimethylthiocarbamoyl chloride in a suitable solvent such as dioxane in the 
presence of a base, for example, and organic base such as triethylamine and/or 
dimethylamino pyridine at a non-extreme temperature between 0° C and 250° C, 
1 5 preferably at the reflux temperature. 

Compounds of formula (XXIII) are commercially available or can be readily 
prepared by one skilled in the art following readily available literature 
procedures. 



Any chiral compounds substantially free of other optical isomers described 
hereinbefore can be obtained either by chiral synthesis, for example, by use of 
the appropriate chiral starting material(s), or by resolution of the products 
obtained from achiral synthesis by standard procedures, for example, by 
25 chromatography such as chiral HPLC or by classical resolution with chiral acids 
or bases. Stereo-isomer* and/or geometric isomers substantially free of other 
isomers can be obtained by standard methods, for example, by 
chromatography. 




10 



20 
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Optional conversion of a compound of formula (I), or a compound of formula (I) 
comprising a basic substituent, to a corresponding acid addition salt may be 
effected by reaction with a solution of the appropriate acid, for example, one of 
5 those recited earlier. Optional conversion of a compound of formula (I) 
comprising an acidic substituent to a corresponding base salt may be effected 
by reaction with a solution of the appropriate base, for example, sodium 
hydroxide. Optional conversion to a physiologically functional derivative, such 
as an ester, can be carried out by methods known to those skilled in the art or 
1 0 obtainable from the chemical literature. 

In addition, compounds of formula (I) may be converted to different compounds 
of formula (I) by standard methods known or available from the literature to 
those skilled in the art, for example, by alkylation of a hydroxy group or inter- 
1 5 conversion of a halide group, a hydroxy group, and an alkoxy group. 

For a better understanding of the invention, the following Examples are given by 
way of illustration and are not to be construed in any way as limiting the scope 
of the invention. 

20 

General Procedures- Proton magnetic resonance spectra were recorded at 300 
. MHz. Mass spectra were recorded under atmospheric pressure chemical 
ionization (APCI) conditions on an LCMS instrument Elemental Analyses were 
performed by Atlantic Microlab, Inc. All anhydrous reactions were performed 

25 under a nitrogen atmosphere. TLC plates were Whatman MK6F silica gel 60 
plates and were visualized under a UV lamp. Column chromatography was 
performed with EM Science Silica Gel 60 (230-400 mesh). Reagents were 
obtained from Aldrich Chemical Co. unless otherwise noted and were used 
without further purification. Solvents were Aldrich anhydrous grade. Room 

30 temperature (RT) means about 25 °C. The meaning of any abbreviation will be 
well understood by one skilled in the art when taken in the context of the 
reaction in which it is used. 

Synthetic Example 1 
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Preparation of S^Butyl-S-ethyl-Z^^.S-tetrahydro-S-phenyM ,2,5- 
benzothiadiazepine 1 , 1 -dioxide 

(a) Ethyl 2-aminobutyrate hydrochloride 

5 A slurry of 2-aminobutyric acid (100g t Aldrich) in absolute ethanol (300 ml) was 
stirred under nitrogen at 0°C and thionyl chloride (120.8g) was added dropwise. 
The reaction was stirred overnight at 0°C and then gradually warmed to room 
temperature. The resulting white slurry was heated under reflux for 3 hours, left 
to cool for 10 minutes, then poured into chilled diethyl ether (600ml) with stirring. 
10 The suspension was filtered and the solid product dried to give the desired 
product (150g) as a white solid. 1 H NMR consistent with proposed structure. 

(b) Ethyl 2-benzylideneaminobutyrate 

A solution of the product from step (a) (149.6g), magnesium sulfate (74.3g), and 
15 triethylamine (246ml) in dichloromethane (1500ml) was stirred at room 
temperature under nitrogen and benzaldehyde (94.9g, Aldrich) was added 
dropwise. The mixture was stirred at room temperature for 3 hours and then 
filtered. The filtrate was concentrated, triturated in diethyl ether, filtered and 
concentrated to yield the desired product as a yellow oil (174g). 1 H NMR 
20 consistent with the proposed structure. 

(c) (±)-Ethyl 2-benzylideneamino-2-ethylhexanoate 

Sodium hydride (32.5g, 60% dispersion in oil) and N,N-dimethylformamide 
(DMF) (700ml) were stirred under nitrogen at room temperature. A solution of 

25 the product from step (b) (178.1g) in DMF was added dropwise. After 2 hours 
stirring at room temperature, a solution of butyl iodide (149.5g) in DMF was 
added dropwise and the reaction left stirring for a further 2 hours. The reaction 
was poured into an ice cold mixture of water (560ml), diethyl ether (300ml) and 
ammonium chloride (120g). The resulting organic layer was dried over 

30 potassium carbonate then concentrated to give the desired product as a brown 
oil (220g). 

(d) (±)-Ethyl 2-amino-2-ethylhexanoate 

The benzylidene product from step (c) (233.0g) was partitioned between 
35 petroleum ether and 10% w/w hydrochloric acid (421ml) and stirred at room 
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temperature.for 2 hours.- The aqueous layer was extracted twice with petrol urn 
ether and then chilled with ethyl acetate in an ice-salt bath. Sodium hydroxide 
pellets were added to the mixture until the aqueous layer was at pH 10. The 
latter was extracted twice with ethyl acetate and the combined ethyl acetate 
5 layers were dried over potassium carbonate, then concentrated and vacuum 
distilled to give the desired product as a colorless oil. 1 H NMR consistent with 
the proposed structure. 

(e) 2-Ethyl-2-amino hexanoic acetanilide 

10 To a stirring solution of aniline (9.3 g) in 200ml THF at -60°C, was added via 
syringe 200ml 2.5M nBuLi/hexane. After one hour the product from step (d) 
(18.7g) was added. One hour later the reaction mixture was partitioned between 
ether and water, extracted 3 times with H20, dried, and concentrated to give the 
desired product as a red oil (23.4g). 

15 1 H NMR (DMSO-d6) d 0.85 (t, 3H); 0.91 (t, 3H); 1.00-1.82 (m t 8H); 5.05 (s, 1H); 
6.53 (t, 1H); 6.59 (d, 1H); 7.00-7.17 (m, 1H); 7.37 (t, 1H); 7.70 (d, 1H). 

(f) 2-Ethyl-N-1 -phenyl-hexane-1 ,2-diamine 

230ml of 1M LAH/THF was added to the product from step (e) and warmed to 
20 reflux 4 hours. After 16 hours at room temperature the reaction mixture was 

neutralized in a large beaker with 1N NaOH, extracted with diethyl ether, dried, 

and concentrated to give the desired product as an amber oil (21.38g). 

1 H NMR (DMSO-d6) d 0.82 (t, 3H); 0.93 (t, 3H); 1.10-1.50 (m, 8H); 2.83 (d, 2H); 

5.08 (in, 2H); 5.22 (m, 1H); 6.53 (m, 1H); 6.59 (d, 1H); 6.65 (d, 1H); 7.05 (t, 1H); 
25 7.11 (t,1H). 

(9) 3-Butyl-3-ethyl-2,3,4,5-tetrahydro-5-phenyM,2,5-benzothiadia2epine 
1,1 -dioxide 

To a stirring solution of the product of step (f) (22.0g) in THF (200 ml), 
30 triethylamine (10.2g) and DMAP (50mg) was added bromobenzenesulfonyl 
chloride (Lancaster, 25.5g). After three days the reaction mixture was partitioned 
between ether and H2O. The organic layer was dried, concentrated and 
chromatographed (30% ethyl acetate/hexane) to give an intermediate open- 
chain product (35g) as a viscous yellow oil. The intermediate was refluxed for 
35 16 h in DMF (200ml) with 22.1g potassium carbonate and 1.0 g copper metal. 
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Reaction mixture was partitioned between ether and water, extracted 3 times 
with water, and the ether layer was dried then filtered through Florisil® 
(activated magnesium silicate). The desired product crystallized as an off-white 
solid from the ether filtrate (20.36g). 
5 MS Da/e = 359 (MH + ) 

Calcd for C20H26N2SO2 x (0.25 H2O): C, 66.17; H, 7.36; N, 7.72; S, 8.83. 
Found: C, 66.38; H, 7.60; N, 7.60; S, 8.79. 

Synthetic Example 2 

10 Preparation of S-Butyl-S-ethyl^^^^-tetrahydro-S-bromo-S-phenyl-I^.S- 
benzothiadiazepine 1,1-dioxide 

(a) 2,5-Dibromo-N-[1 -ethyl-1 -(phenylamino-methyl)-butyl}- 

benzenesulfonamide 

15 To a stirring solution of the product from Synthetic Example 1(f) (6.6g) in 30ml 
methylene chloride and 30ml 1N aqueous NaOH was added 2, 5- 
dibromobenzene sulfonyl chloride (Lancaster, 10.03g). After one hour organic 
layer was dried, concentrated and chromatographed (50% ethyl acetate/hexane) 
to give the desired product (6.34g). 

20 Calcd for C20H26Br2N2O2S: C, 46.34; H, 5.06; Br, 31.84; N, 5.41; S, 6.19. 
Found: C, 46.27; H, 5.06; Br, 30.90; N, 5.40; S, 6.21. 

(b) 3-Butyl-3-ethyl-2,3,4,54etrahydro-8-bromo-5-phenyl-1,2,5- 

benzothiadtazepine 1,1-dioxide 

25 This compound was prepared by refluxing the product from step (a) (6.34g) for 
16 h in DMF with potassium carbonate and copper metal as outlined for the 
product from Synthetic Example 1(g). Recrystallization from 50% ethyl 
acetate/hexane gave the desired product as a white powder (12.3g). 
MS Da/e = 438 (MH + ) 

30 Calcd for C20H25BrN2O2S: C, 54.91; H, 5.76; N, 6.41; Br, 18.27; S, 7.33. 
Found: C, 55.07; H, 5.77; N, 6.50; Br, 18.19; S, 7.31. 

• ■* 

Synthetic Example 3 

Preparation of 3-Butyl-3-ethyl-2,3 t 4,5-tetrahydro>8-methoxy-5-phenyl-1,2,5- 
35 benzothiadiazepine 1 , 1 -dioxide 
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A solution qf:the:produrt . from Sy[(?th0tic i fixamplfe t 2 (1£0 g) and copper powder 
(60 mg) in 6 ml 25% sodium methoxide/methanol and 0.1 g ethyl acetate was 
refluxed for 90 minutes. After sixteen hours reaction mixture was partitioned 
between ethyl acetate and water, extracted 3 times with water, and the ethyl 
5 acetate layer -filtered through Floristl® and concentrated. Column 
chromatography (30% ethyl acetate/ hexane) gave the desired product as a 
white hard foam (0.59g). 

1 H NMR (DMSO-d6) d 0.80 (m, 6H); 0.92 (m, 1H); 1.08-1.20 (m, 2H); 1.20-1.38 
(m, 1H); 1.38-1.50 (m, 2H); 1.50-1.80 (m, 2H); 3.82 (m, 2H); 3.82 (s,3H); 6.90- 
10 7.00 (m, 2H); 7.08-7.20 (m, 3H); 7.24-7.38 (m, 4H). 

Calcd for C21H28N2O3S x (0.5 H2O): C, 63.45; H, 7.35; N, 7.05; S, 8.07. 
Found: C, 63.55; H, 7.37; N, 6.92; S, 8.02. 

Synthetic Example 4 

15 Preparation of S-Butyl-S-ethyl^^^.S-tetrahydro-S-hydroxy-S-phenyl-I^.S- 
benzothiadiazepine 1 , 1 -dioxide 

A solution of the product from Synthetic Example 3 (2.80g) in DMF (35 ml) was 
refluxed for 4 h with the sodium salt of ethanethiol (1.81g). After cooling to RT 
the solution was transferred to a separatory funnel, adjusted to pH 7, extracted 3 
20 times with ethyl ether, dried over Na2S04 and concentrated. Column 
chromatography (50% ethyl acetate/hexane) gave the product as an off-white 
powder (1.68g). 

!H NMR (DMSO-d6) d 0.71 (t, 6H); 0.90-1.25 (m, 4H); 1.25-1.41 (m, 2H); 1.41- 
1.75 (m, 2H); 3.70 (m, 2H); 6.80 (m, 3H); 6.93 (d, 2H); 7.08 (s, 1H); 7.20 (t, 3H); 
25 9.77 (s, 1H). 

Calcd for C20H26N2O3S x (0.25 H2O): C, 63.53; H, 7.04; N, 7.41; S, 8.48. 
Found: C, 63.67; H, 7.09; N, 7.19; S, 8.27. 

Synthetic Example 5 

30 Preparation of 3-Butyl-3-Ethyl-2,3,4 t 5-Tetrahydro-7,8-Dichloro-5-phenyl-1 ,2,5- 
Benzothiadiazepine 1 , 1 -dioxide 

3,4,6-trichlorobenzenesulfpnyl chloride (Lancaster, 8.4g) and the reaction 
product from Synthetic Example 1(f) (6.6g) were reacted following the procedure 
for Synthetic Example 1(g) to give the open-chain intermediate, (13.9g). 
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Cyclization followed by trituration with hexane gave the desired product as a 
white solid (2.7g). 

1H NMR (DMSO-d6) d 0.50 (br m, 6H); 0.80 (m, 3H); 1.08-1.50 (m, 4H); 1.80 
(m, 1H); 3.71 (m t 1H); 4.12 (m, 1H); 6.38 (s, 1H); 7.17 (s, 1H); 7.22 (m, 1H); 
5 7.40 (tall m, 4H); 7.87 (s, 1H). 

Calcd for C20H24CI2N2O2S: C, 56.20; H, 5.66; N, 6.56; CI, 16.59; S, 7.50. 
Found: C, 56.31; H, 5.62; N, 6.61; CI, 16.47; S, 7.52. 

Synthetic Example 6 

10 Preparation of 3-Butyl-3-ethyl-2 t 3,4,5-tetrahydro-7 T 8-dimethoxy-5-phenyl-1 ,2,5- 
benzothiadiazepine 1 , 1 -dioxide 

(a) 2-Bromo-4,5-dimethoxybenzenesulfonyl chloride 

To a solution of 4-bromoveratrole (21. 7g) in methylene chloride (100 ml) at 0°C 
was added chlorosulfonic acid (46g) . After two hours at RT the reaction mixture 
15 was stirred with ice/methylene chloride, extracted with H2O, dried, and solvent 
was removed to give the desired product as a viscous colorless oil (16.3g). 
1H NMR (DMSO-d6) d 3.72 (s f 3H); 3.74 (s, 3H); 7.03 (s ( 1H); 7.23 (s, 1H). 

(b) 3-Butyl-3-ethyl-2 t 3 t 4 t 5-tetrahydro-7,8-dimethoxy-5-phenyl-1 t 2,5- 
20 benzothiadiazepine 1,1-dioxide 

This compound was prepared by reacting the product from step (a) with the 
product from Synthetic Example 1(f) followed by cyclization of the intermediate 
according to the procedure for Synthetic Example 1(g). Column 
chromatography yielded the desired product (13.00g). 
25 MSDa/e = 419(MH + ). 

Calcd for C22H30N2O4S: C, 63.13; H, 7.22; N, 6.69; S, 7.66. 
Found: C, 63.05; H. 7.18; N, 6.59; S, 7.72. 

Synthetic Examples 7 and 8 
30 Preparation of 3-Butyl-3-ethyl-2,3,4,5-tetrahydro-7,8-dihydroxv-5-phenyM ,2,5- 
benzothiadiazepine 1,1-dioxide (Synthetic Example 7) and 3-butyl-3-ethyl- 
2,3,4,5-tetrahydro-7-hydrow-8-methoxy-5-phenyl-1 ,2,5-benzothiadiazepine 1,1- 
dioxide (Synthetic Example 8) 

A solution of the product from Synthetic Example 6(b) (2.09g) in DMF (35 ml) 
35 was refluxed for 4 h with the sodium salt of ethanethiol (1 .90g). After cooling to 
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r :RT; the -solution was transferred to a' separatory funnel, adjusted to ' pH 7 , 
extracted 3 times with ethyl ether, dried overNa2S04, concentrated. 'Column 
chromatography (50% -methyl acetate/hexane) . gave the desired products of 
Synthetic Example 7, {0:36 g) and Synthetic Example 8 (0.60g). 
5 Example 7: 

MS Dale = 389 (M - H + ) 

Calcd for-C20H26N2O4S x (0.25 EtOAc): C, 61.13; H, 6.84; N, 6.79; S, 7.77. 
Found: C f 61.08; H, 6.92; N, 6.50; S, 7.59. 
Example 8: 
10 MSDa/e = 405(MH + ) 

Calcd for C21H28N2O4S x (0.5 EtOAc): C, 61.57; H, 7.19; N, 6.25; S, 7.15. 
Found: C, 61.43; H, 7.14; N, 6.43; S, 7.51. 

Synthetic Example 9 

15 Preparation of (±)-Trans>7-ethyl-9-phenyl-7-butyl-67,8 t 9-tetrahydro-5-thia-6- 
aza-benzocycloheptane-5,5-dioxide 

(a) 2-Benzoylbenzenethiol 

To a stirring mixture of TMEDA (522g) and cyclohexane (1400ml) was added 
thiophenol (240g) over a 5 min. period at RT. At -9 °C, n-BuLi (2268g) was 

20 added over a 35 min. period. The solution was allowed to come to RT, then 
after 24 hr. benzonitrile (227. 19g) was added over a 16 min period and left 
overnight. The temperature was reduced to -4 °C. The reaction was quenched 
with 1200ml water over a 16min period, then diluted with 500 ml 1N NaOH and 
heated to reflux for one hour under nitrogen. After standing overnight the pH 

25 was adjusted to 1 . The mixture was extracted with toluene and the organic layer 
was concentrated to a reddish-brown oil (330.8g). Hexane was added as the oil 
began to crystallize to a white crystalline solid of the desired product (247.8g). 
C13 H10OS: C, 72.87; H, 4.70; S, 14.96. 
Found: C, 72.88; H, 471; S, 14.90. 

30 

(b) 2-Benzoylbenzenesulfonyl chloride 

To a stirring solution of thg product from step (a) (21. 4g) in acetonitrile (250ml) 
at 0°C was added potassium nitrate (25.2g), followed by sulfuryl chloride 
(33.75g) over a 10 min period. The reaction mixture was allowed to warm to RT 
35 over a 2 h period, then partitioned between ether and water. The etheral layer 
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was extracted 3 times with water, dried and concentrat d to give the desired 
product (27 g) 

C13H9CIO3S x (0.67 H2O): C, 53.33; H, 3.56; CI, 12.11; S, 10.95. 
Found: C, 53.43; H, 3.27; CI, 12.03; S, 11.06. 

5 

(c) 2-Amino-2-ethylhexanol 

To the product of Synthetic Example 1(d) (46.7g) was added at RT over a 2 h 
period LAH (1M in THF, 375ml). After 24 h, the reaction mixture was quenched 
by careful addition of 400 ml aqueous 1N NaOH. The reaction was extracted 
10 with diethyl ether. The ether layer was dried, filtered and concentrated to give 
the desired product as a viscous colorless oil, (38.7g). 

1H NMR (DMSO-d6) d 0.81 (t. 3H); 0.88 (t, 3H); 1.17-1.40 (m, 8H), 3.17 (m, 
2H); 4.40 (br, 1H); 3.30-3.50 (br, 2H) overlaps water peak. 

15 (d) 2-Benzoyl-N-(1 -ethyl-1 -hydroxymethyl-pentyl) benzene-sulfonamide 

To a stirring solution of the product from step (c) (14.5g) and triethylamine 
(10.1g) in THF at RT was added a 25 ml THF solution of the product from (b) 
(27 g). After 16 h the reaction mixture was partitioned between ethyl ether and 
1 .0 N HCI, dried, concentrated to give the desired product as a viscous yellow oil 

20 (31.08g). 

Calcd. for C21H27NO4S x (0.33 H2O): C, 63.77; H, 7.05; N, 3.54; S, 8.11 . 
Found: C, 63.89; H, 7.07; N, 3.59; S, 8.05. 

(e) 2-Benzoyl-N-(1 -ethyl-1 -formyl-pentyQ-benzenesulfonamide 

25 To a stirring solution of the product from step (d) (31.08g) in methylene chloride 
(300ml) was added pyridinium chlorochromate (17.2g) . After 16 h the reaction 
mixture was filtered through 50g Florisil® pad, concentrated and 
chromatographed (25% ethyl acetate/ hexane) to give the desired product as an 
off-white solid (20.5g) 

30 1H NMR (DMSO-d6) d 0 50 (t, 3H); 0.60 (t, 3H); 0.65-1.00 (m, 4H); 1.20 (m, 
1H); 1.45 (m, 1H); 1.63 (m, 2H); 7.23-7.80 (m, 9H); 8.04 (d, 1H); 9.13 (s, 1H). 

(f) 7-Ethyl-9-phenyl-7-butyl-6,7-dihydro-5-thia-6-aza-benzocycloheptene- 
5,5-dioxide 
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A mixture of titanium trichloride <30.1g) and 1, 2-dimethoxyethane (350ml) was 
refluxed for 16 h. Zn-Cu couple (50.1g) was added, and the reaction mixture 
was refluxed 2h at which point a solution of the product from step (e) in DME 
(40 ml) was added using syringe pump (8.0g) at a rate of 4ml/hr. Refluxirig was 
5 continued for another 12 h. The reaction was allowed to come to RT, filtered 
through 50 g Florisil® pad, and concentrated to give the desired product (4.49g) 
Calcd for C21H25NO2S: C, 70.95; H, 7.09; N, 3.94; S, 9.02. 
Found: C, 70.66; H, 7.13; N, 3.81; S, 8.88. 

10 (g) (±)-Trans^EthyU9>phenyl-7-butyl-6 t 7,8 t 9-tetrahydro-5-thia-6>aza- 
benzocycloheptane-5,5-dioxtde 
A 50ml absolute ethanol solution of the product from step (f) under 40 p.s.i 
hydrogen pressure on a Parr® hydrogenation apparatus was agitated at RT with 
20% Pd(OH)2 (0.20g) for 18 h at RT. The reaction mixture was removed to a 

15 nitrogen atmosphere, filtered through Celite® (diatomaceous earth) and 
concentrated. Column chromatography gave the desired product as the trans 
isomer (50mg). 
MS Da/e = 341 (M -16) 

Calcd for C21H27NO2S x (0.25 H20): C, 69.67; H, 7.66; N, 3.87; S, 8.86. 
20 Found: C, 69.66; H, 7.70; N, 3.79; S, 8.79. 

Synthetic Example 10 

Preparation of (±)-3>Butyl-3-ethyl-2 t 3-dihydro-8-methoxy>5-phenyl-5H-1,4- 
benzothioxepine 

25 (a) Q-(2-benzoyl-5-methoxyphenyl)-dimethylthiocarbamate 

To a solution of 2-hydroxy-4-methoxybenzophenone (100 g) in dioxane (500 
ml), triethylamine (122 ml), and dimethylamino pyridine (5.0 g), was added 
dropwise dimethylthiocarbamoyl chloride (56.9 g) dissolved in dioxane (200 ml). 
The reaction mixture was refluxed 18h, allowed to cool and diluted with 500 ml 

30 water and extracted with ethyl acetate. The organic extracts were dried and the 
solvents evaporated. The product was crystallized from ether/hexane and dried 
giving the desired product ((105.6 g). 
Calcd for C17H17NO3S: C, 64.74; H, 5.43; N, 4.44; S, 10.17 
Found: C, 64.66; H, 5.39; N, 4.48; S, 10.13. 

35 
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(b) S-(2-benzoyl-5-methoxyph nyQdim thylthiocarbamate 
A suspension of the product from step (a) (97.4 g) in tetradecane (500 ml) was 
stirred at 255 °C for 30 min._The reaction mixture was cooled, diluted with 2 
volumes of petroleum ether and loaded onto a silica gel column. The product 
5 was eluted with 40% ethyl acetate/petroleum ether giving the desired product 
(65.0 g). 

Calcd for C17H17NO3S: C, 64.74; H, 5.43; N, 4.44; S, 10.17. 
Found: C, 64.59; H. 5.39; N, 4.43; S, 10.24. 

10 (c) (±)-2-Butyl-2-ethyl-oxirane 

To a solution of trimethylsulfoxonium iodide (86.8g) in DMSO (650ml) was 
added sodium hydride (15.8 g, 60% in mineral oil) and the mixture stirred 15 
min. To the resulting ylide was added dropwise 3-heptanone (30.0 g) dissolved 
in 60 ml DMSO, and the reaction was heated to 50 °C for 2h. The reaction was 

15 cooled, diluted with water (400 ml) and extracted with ether. The organic 
extracts were dried (Na2S04) and concentrated. The product was distilled at 
atmospheric pressure to give the desired compound (15.36 g) 
MS Da/e=111 (M(-H20)H + ). 

20 (d) (±)-2-((2-Ethyl>2-hydroxyhexyl)thio)-4-methoxybenzophenone 

To a solution of the product from step (b) (10.0 g) in THF (50 ml) was added 
KOH (100 ml, 0.6 M in MeOH) and the mixture stirred 90 min in a 50 °C water 
bath. The reaction mixture was acidified with 1 N HCI, extracted with ether, 
dried and concentrated. To the resulting yellow oil was added 

25 tetrabutylammonium fluoride (3.2 ml, 1M in THF) and the epoxide from step (c) 
(4.50 g). The reaction was stirred overnight at RT. The reaction mixture was 
neutralized with 1 N HCI, extracted with ether, dried (Na2S04) and 
concentrated. Column chromatography (15% ethyl acetate/petroleum ether) 
gave the desired product (1 1 .56 g). 

30 MS Da/e = 395(M+ Na + ) 

(e) (±)-Alpha-(2-((2-Ethyl-2-hvdroxyhexyl)thioH>methoxy)phenyl-benzvl 
alcohol 

To a solution of the product of step (d) (10.2 g) in methanol (125 ml) at 0 °C was 
35 added sodium borohydride (2.08 g) in 4 portions. After stirring at RT for 30 
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min, the reduction was complete. The reaction mixture was neutralized with I N 
HCI, extracted with ethyl acetate, dried and concentrated. Column 
chromatography (15% ethyl acetate/petroleum ether) gave the desired product 
(9:93 g). 
5 MS Dale = 397 (M+ Na + ) 

(f) (±)>3-Butyl-3-ethyl-2 t 3-dihydro-8-methoxy-5-phenyl>5H-1 l 4- 
benzothioxepine 

To a solution of the product from step (e) (4.19 g) in toluene (25 ml) were added 
10 Nafion® NR50 beads (0.2 g). The mixture was refluxed 10 min. The beads 
were recovered in a sintered glass filter and the toluene was removed on a 
rotary evaporator. Column chromatography (2% ethyl acetate/petroleum ether) 
gave the desired product (3.78 g) as a 1:1 mixture of isomers. 
MSDa/e = 229 (M-127). 
15 Calcd for C22H28O2S: C, 74.12; H, 7.92; S, 8.99. 
Found: C, 74.17; H, 7.91; S, 9.06. 

Synthetic Example 1 1 

Preparation of (tVS-Butyl-S-ethyl^^-dihydro-S-methoxy-S-phenyl-SH-l^- 
20 benzothioxepine 

Repeated chromatography of the product from Synthetic Example 10 (f) using 

toluene as eluant gave a partial separation of isomers and 1 .21 g of the desired 

product whose configuration was confirmed by nOesy spectroscopy. 

1H NMR (DMSO-d6) d 7.37(m, 5H); 7.01 (d, 1H); 6.60 (dd, 1H); 6.20 (m, 2H); 
25 3.68 (s, 3H); 3.17 (d, 1H); 2.70 (d, 1H); 2.01 (m, 1H); 1.58 (m, 3H); 1.16 (m, 4H); 

0.79 (t, 3H); 0.70 (t, 3H). 

MSDa/e = 229 (M-127). 

Synthetic Example 12 

30 Preparation of (±)-3 t 3-DiethyU2 1 3<lihydro-8-methoxy-5>phenyl>5H-1 t 4- 
benzothioxepine 

(a) 2,2-Diethyl-oxirane 

To a solution of trimethylsulfoxonium iodide (48.4 g) in DMSO (300ml) was 
35 added in 4 portions sodium hydride (8.8 g, 60% in mineral oil) and the mixture 
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stirred 30 min. To the resulting ylide was added dropwise 2-pentanone (30.0 g) 
dissolved in 50 ml DMSO, and the reaction was heated to 50 °C for 1h. The 
reaction was cooled, diluted with water (200 ml) and extracted with ether. The 
organic extracts were dried (Na2S04) and concentrated. The product was 
5 distilled at atmospheric pressure (bp = 100-102 °C) to give the desired product 
(11.50 g). 

1H NMR (DMSCMJ6) d 2.50 (m t 2H); 1.52 (m, 4H); 0.82 (t, 6H). 

(b) 2-((2-Ethyl-2«hydroxybutyl)thio)-4-methoxybenzophenone 

10 To a solution of the product from Synthetic Example 10(b) (18.0 g) in THF 
(90ml) was added KOH (180 ml t 0.6 M in MeOH) and the mixture stirred 90 min 
in a 50 °C water bath. The reaction mixture was acidified with 1 N HCI, 
extracted ether, dried and concentrated. To the resulting yellow oil was added 
tetrabutylammonium fluoride (7.7 ml, 1M in THF) and epoxide product from step 

15 (a) (9.5 g). The reaction was stirred overnight at RT. The reaction mixture was 
neutralized with 1 N HCI, extracted ether, dried (Na2S04) and concentrated. 
Column chromatography (15% ethyl acetate/petroleum ether) gave the desired 
product (16.51g). 

Calcd for C20H24O3S: C, 69.73; H, 7.02; S, 9.30. 
20 Found: C, 69.85; H, 6.99; S, 9.39. 

(c) (±)-Alpha«(2-((2-EthyU2-hydroxybutyl)thio)-4-methoxy)phenvl>benzvl 
alcohol 

To a solution of the product from step (b) (14.2 g) in methanol (200 ml) at 0 °C 
25 was added sodium borohydride (3.08 g) in 3 portions. After stirring at RT for 1 
h, the reduction was complete. The reaction mixture was neutralized with 1 N 
HCI, extracted with ethyl acetate, dried and concentrated. Column 
chromatography (15% ethyl acetate/petroleum ether) gave the desired product 
(13.66 g). 

30 Calcd for C20H26O3S: C, 69.33; H, 7.56; S, 9.25. 
Found: C, 69.31; H, 7.61; S, 9.23. 

(d) (±V3,3-Diethvl-2,3-dihydro-8-methoxy-5-phenyl-5H-1,4- 

benzothioxepine 
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To a solution of the product from step (c) (12.8 g) in toluene (100 ml) were 
added Nation® NR50 beads (0.8 g). The mixture was refluxed for 20 min. The 
beads were recovered in a sintered glass filter and the toluene was removed on 
a rotary evaporator. Column chromatography (10% ethyl acetate/petroleum 
5 ether) gave the desired product (10.63 g). 
MSDa/e = 351 (M + Na + ). 
Calcd for.C20H24O2S: C, 73.13; H, 7.05; S f 9.76. 
Found: C, 73.19; H t 7.36; S, 9.86. 

10 Synthetic Example 13 

Preparation of (±)-3-Butyl-3-ethyl-2 t 3-dihydro-8-methoxy-5-phenyl-5H>1,4- 
benzothioxepine 1,1 -dioxide 

To a solution of the product from Synthetic Example 10 (f) (3.33 g) in THF (60 
ml) and t-butanol (21 ml) was added 4-methyl-morpholine-N-oxide (3.28 g) and 

15 osmium tetroxide (6.0 ml, 2.5 wt% solution in 2-methyl-2-propanol), and the 
solution was stirred 18 h at room temperature. The reaction mixture was 
extracted with ethyl acetate. The organic layer was dried (Na2S04) and 
concentrated. Column chromatography (10% ethyl acetate/petroleum ether) 
gave the desired product (3.02 g) as a 1 :1 mixture of isomers. 

20 MSDa/e = 411 (M + Na + ). 

Calcd for C22H28O4S: C, 68.01 ; H, 7.26; S, 8.25. 
Found: C, 68.18; H, 7.32; S, 8.16. 

Synthetic Example 14 

25 Preparation of (±)-3 t 3-Diethyl-2,3-dihydro-8-methoxy-5-phenyU5H-1,4- 
benzothioxepine 1,1-dioxide 

To a solution of the product from Synthetic Example 12 (d) (10.04 g) in t-butanol 
(45 ml) was added 4-methyl-morpholine-N-oxide (10.5 g) and osmium tetroxide 
(6.0 ml, 2.5 wt% solution in 2-methyl-2-propanol), and the solution was stirred 18 

30 h at room temperature. The reaction mixture was diluted with water (100 ml) 
and extracted with ethyl acetate. The organic layer was dried (Na2S04) and 
concentrated. Column chromatography (20% ethyl acetate/petroleum ether) 
gave the desired product (9.63 g). 
MS Da/e = 383 (M + Na + ). 

35 Calcd for C20H24O4S: C, 66.64; H, 6.71 ; S, 8.89. 
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Found: C, 66.72; H, 6 74; S, 8.95. 
Synthetic Example 15 

Preparation of (±)-Trans>3-butyl-3^thyl«2 ) 3^ihydro>8'rnethoxy-5-phenyU5H-1 ,4- 
5 benzothioxepine 1,1 -dioxide 

To a solution of the product from Synthetic Example 11 (1.16 g) in THF (20 ml) 
and t-butanol (7 ml) was added 4-methyl-morpholine-N-oxide (114 g) and 
osmium tetroxide (2.0 ml, 2.5 wt% solution in 2-methyl-2-propanol), and the 
solution was stirred 18h at room temperature. The reaction mixture was 
10 partitioned between water and ethyl acetate and extracted with ethyl acetate. 
The organic layer was dried (Na2S04) and concentrated. Column 
chromatography (15% ethyl acetate/petroleum ether) gave the desired product 
(1.21 g). 

MS Da/e = 411 (M + Na + ). 
15 Calcd for C22H28O4S: C, 68.01; H, 7.26; S, 8.25. 
Found: C, 67.83; H, 7.41; S, 8.19. 

Synthetic Example 16 

Preparation of 3-Butyl-3-ethyl-2 t 3,4 t 5-tetrahydro-7-bromo-8-hydroxy-5-phenyl- 
20 1 ,2,5-benzothiadiazepine 1 ,1 -dioxide 

(a) Bis-2,4-dibromo-5-methoxy disulfide 

Bromine (57.6 g) was added to a methanol solution (150 ml) of 3- 
methoxybenzenethiol (25 g) at 0 °C and the mixture was stirred at room 
temperature for 24 h. The reaction was concentrated, diluted with ethyl acetate, 
25 extracted with water, dried and concentrated. The residue was dissolved in 
acetic acid and treated with bromine (16 g) for 30 min. A tan solid was filtered 
from the reaction and triturated with methylene chloride to give the title 
compound as an off-white powder (9.9 g). 
1H NMR (CDCI3) d 3.60 (s, 6H); 7.18 (s, 2H); 7.64 (s, 2H). 

30 

(b) 2,4-Dibromo-5-methoxybenzenesulfonyl chloride 

Sulfuryl chloride (19.6 g) was added to a stirring mixture of Bis-2,4-dibromo-5- 
methoxy disulfide (17.5 g) and potassium nitrate (14.6 g) in acetonitrile (200 ml) 
at RT. After 24 h the mixture was diluted with ice/ether, extracted with cold 
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water, dried, concentrated to give the title compound as an off-white solid (16.2 

g>. 

Calcd for G 7 H 5 Br 2 CI0 3 S: C, 23.07; H f 1.38; S v 8.80. Found: C, 22.82; H, 1.40; 
S, 8.68. 

5 

(c) 2 t 4-Dibromo-5-methoxy-N-[1-ethyl-1-(phenylamino-methylVpentylV 
benzenesulfonamide 

2, 4-Dibromo-5-methoxybenzenesulfonyl chloride (8.0 g) in THF (40 ml) was 
added to a mixture of triethylamine (3.02 g) and 2-ethyl-N-1-phenyl-hexane-1 t 2- 
10 diamine (6.00 g) and stirred at room temperature for 24 h. The reaction mixture 
was diluted with ethyl acetate, extracted with water, dried, filtered, concentrated. 
The residue was chromatographed on silica gel (EtOAc:Hexane/1:4) to give the 
title compound as a nearly colorless oil (0.85 g). 

1H NMR (DMSO-d6) d 0.72 (t, 6H); 1.02 (m, 4H); 1.53 (m, 2H); 1.60 (m, 2H); 
15 3.00 (m, 2H); 3.80 (s, 3H); 4.80 (m, 1H); 6.47-6.50 (m, 3H); 7.00 (t, 2H); 7.50 (s, 
1H); 7.58 (s t 1H); 7.99 (s, 1H). 

(d) S-Butyl-S-ethyl^^^^-tetrahydro^bromo-S-methoxy-S-phenyl-I^.S- 
benzothiadiazepine 1,1 -dioxide 

20 2,5-Dibromo-N-[1 -ethyl-1 -(phenylamino-methyl)-pentyl]-benzenesulfonamide 

(0.85 g) in dimethylformamide (40 ml) , copper metal (50 mg) and potassium 
carbonate (0.41 g) was refluxed for 24 h. The reaction mixture was cooled to 
room temperature and diluted with ether, extracted with water, filtered through 
Florisil®, concentrated and chromatographed on silica gel (EtOAc:Hexane/1:4) to 

25 give the title compound as a tan powder (0.38 g). 

Calcd for C 21 H 27 BrN 2 0 3 S: C, 53.96; H, 5.82; N, 5.99; Br, 17.10; S, 6.86. 
Found: C, 54.08; H, 5.93; N, 6.04; Br, 17.20; S, 6.75. 

(e) 3-Butyl-3-ethyl-2,3 t 4 t 5-tetrahydro-7-bromo-8-hydroxy-5>phenyl-t2 t 5- 
30 benzothiadiazepine 1,1-dioxide 

1 molar BBr 3 in CH 2 CI 2 (60 ml) was added to 3-butyl-3-ethyl-2,3,4,5-tetrahydro-7- 
bromo-B-methoxy-5-phenyl-1 ,2,5-benzothiadiazepine 1 ,1 -dioxide (4.67g) in 
methylene chloride (20 ml) at 0 °C and the mixture was stirred at RT for 24 h. 
Reaction was partitioned between aq. NaHC03 and CH 2 CI 2 and extracted with 
35 CH 2 CI 2 . The organic phase was dried, filtered, concentrated and 
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chrpmatographed on silica gel (EtOAc:Hexane/1:2) to give the title compound as 
a tan solid (1.7 g). 

1H NMR (DMSO-d6) d 0.68 (m, 6H); 0.84-1.08 (m, 4H); 1.20-1.70 (m, 4H); 3.58- 
3.90 (m, 2H); 6.95 (m, 2H); 7.02 (d, 2H); 7.23 (m, 3H); 7.38 (s, 1H). 
5 Calcd for C 20 H 25 BrN 2 O 3 S 0.6 H 2 0: C f 51.74; H, 5.69; N, 6.03; Br, 17.21; S, 
6.91. Found: C, 52.09; H, 5.74; N, 5.54; Br, 17.45; S, 6.55. 

Synthetic Example 17 

Preparation of 3-Butyl-3-ethyl-2 t 3,4 t 5-tetrahydro-7-methoxy-8-hydroxy-5-phenyl- 
10 1 ,2,5-benzothiadiazepine 1 ,1 -dioxide 

The product from Synthetic Example 16, 3-Butyl-3-ethyl-2,3,4,5-tetrahydro-7- 
bromo-8-methoxy-5-phenyl-1 ,2,5-benzothiadiazepine 1,1-dioxide (1.7 g), and 
copper (I) bromide (120mg) was refluxed for 90 min in 25% NaOMe/MeOH (12 
15 ml) and ethyl acetate (0.1 ml). The reaction mixture was cooled to RT, diluted 
with ether, filtered through Florisil®, triturated with acetic acid, dried and 
chromatographed on silica gel (EtOAc:Hexane/1:2) to give the title compound as 
an amber gum (0.33 g). 

1H NMR (DMSO-d6) d 0.68 (m, 6H); 0.84-1.08 (m, 4H); 1.20-1.70 (m, 4H); 3.57 
20 (s, 3H); 3.58-3.90 (m, 2H); 6.40 (s, 1H); 6.80 (t, 1H); 6.99 (m, 3H); 7.19 (s, 1H); 
7.21 (t, 2H); 9.40 (s, 1H). 
. Calcd for C 20 H 25 BrN 2 O 3 S 0.75 H 2 0 0.5 HOAc: C, 58.97; H, 6.86; N, 6.25; S, 
7.16. 

Found: C, 59.03; H, 6.71; N, 6.15; S, 6.97. 
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Biological Testing - ... «.,•. 

Bile Acid Transport Inhibitor Assay ; 

The human ileal bile acid transporter (HIBAT) was stabley expressed in Chinese 
5 Hamster Ovary Cells (CHO cells). The cells were plated at a density of 50,000 
cells/well in a 24 well format, and cultured for 48-72 hours at 37° C. and 5%C0 2 . 
Cell were washed twice in Hanks Balanced Salt Solution, buffered to pH 7.4 with 
Hepes-Tris (HBSSH). At t=0 minutes, cells were incubated with 0.2 mL of 
incubation medium containing 0.5 uM taurocholate, 0.5 uCi/mL [3H]- 
10 taurocholate, plus or minus inhibitors, at 37° C. Cells were then returned to the 
C0 2 incubator. The assay was terminated at t=10 minutes, when the plate is 
placed into an ice-water bath. Radiolabeled compound was aspirated, and the 
cells were washed three times with HBSSH containing 1 mM taurocholate at 4° 
C. Excess liquid was blotted away and the cells were lysed with 0.1N NaOH. 
15 Cell associated radioactivity was determined by liquid scintillation counting. 
Total cell protein was measured using a Bio-Rad protein assay. The IC 50 was 
determined by a plot of the % Control Activity versus log[l]. 

TABLE 1 Inhibition of Human Bile Acid Transport 



Compound 
of Example 


% Inhibition at 10 
micromolar 


1 


41 


3 


41 


4 


37 


6 


89 


7 


30 


9 


45 


14 


26 


15 


46 


16 ' 


15 


17 


57 
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Pharmaceutical Composition Examples 

5 

In the following Examples, the active compound can be any compound of 
formula (I) and/or a pharmaceutically acceptable salt, solvate, or physiologically 
functional derivative thereof. 

10 (I) Tablet compositions 

The following compositions A and B can be prepared by wet granulation of 
ingredients (a) to (c) and (a) to (d) with a solution of povidone, followed by 
addition of the magnesium stearate and compression. 

15 



Composition A 





mg/tablet 


mg/tablet 


(a) Active ingredient 


250 


250 


(b) Lactose B.P. 


210 


26 


(c) Sodium Starch Glycollate 


20 


12 


(d) Povidone B.P. 


15 


9 


(e) Magnesium Stearate 


5 


_3 




500 


300 


Composition B 








mg/tablet 


mg/tablet 


(a) Active ingredient 


250 


250 


(b) Lactose 150 


150 




(c) Avicel PH 101 


60 


26 


(d) Sodium Starch Glycollate 


20 


12 


(e) Povidone B.P. 


15 


9 


(f) Magnesium Stearate 


5 


_3 




500 


300 



35 Composition C 
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mg/tablet 



Active ingredient 100 
Lactose 200 
Starch 50 
5 Povidone 5 
Magnesium Stearate _4 

359 



The following compositions D and E can be prepared by direct compression of 
10 the admixed ingredients. The lactose used in composition E is of the direct 
compression type. 

Composition D 

mg/tablet 



15 Active ingredient 250 
Magnesium Stearate 4 
) Pregelatinised Starch NF1 5 146 

400 

20 Composition E 

mg/tablet 

Active ingredient 250 
Magnesium Stearate 5 
Lactose 145 
25 Avicel 100 

500 

Composition F (Controlled release composition) 

mg/tablet 

30 (a) Active ingredient 500 

(b) Hydroxypropylmethylcellulose 112 
Methocel K4M Premium) 

(c) Lactose B.P. 53 

(d) Povidone B.P.C. 28 
i 35 (©) Magnesium Stearate 7 
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700 

The composition can be prepared by wet granulation of ingredients (a) to (c) 
with a solution of povidone, followed by addition of the magnesium stearate and 
5 compression. 

Composition G (Enteric-coated tablet) 

Enteric-coated tablets of Composition C can be prepared by coating the tablets 
10 with 25mg/tablet of an enteric polymer such as cellulose acetate phthalate, 
polyvinylacetate phthalate, hydroxypropylmethyl- cellulose phthalate, or anionic 
polymers of methacryiic acid and methacrylic acid methyl ester (Eudragit L). 
Except for Eudragit L, these polymers should also include 10% (by weight of the 
quantity of polymer used) of a plasticizer to prevent membrane cracking during 
15 application or on storage. Suitable plasticizers include diethyl phthalate, tributyl 
citrate and triacetin. 

Composition H (Enteric-coated controlled release tablet) 

20 Enteric-coated tablets of Composition F can be prepared by coating the tablets 
with 50mg/tablet of an enteric polymer such as cellulose acetate phthalate, 
polyvinylacetate phthalate, hydroxypropylmethyl- cellulose phthalate, or 
anionic polymers of methacrylic acid and methacrylic acid methyl ester (Eudragit 
L). Except for Eudragit L, these polymers should also include 10% (by weight of 

25 the quantity of polymer used) of a plasticizer to prevent membrane cracking 
during application or on storage. Suitable plasticizers include diethyl phthalate, 
tributyl citrate and triacetin. 

(ii) Capsule compositions 
30 ~ 
Composition A 

Capsules can be prepared by admixing the ingredients of Composition D above 
and filling two-part hard gelatin capsules with the resulting mixture. Composition 
B ( infra ) may be prepared in a similar manner. 

35 
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/Composition B " 

: mg/capsule ■» : 

(a) Active ingredient 250 

(b) Lactose B.P. 143 
5 (c) Sodium Starch Glycollate 25 

(d) Magnesium Stearate 2 

420 

Composition C 
10 mg/capsule 

(a) Active ingredient 250 

(b) Macrogol 4000 BP 350 

600 



15 Capsules can be prepared by melting the Macrogol 4000 BP, dispersing the 
active ingredient in the melt and filling two-part hard gelatin capsules therewith. 

Composition D 

mg/capsule 



20 Active ingredient 250 
Lecithin 100 
Arachis Oil 100 

450 



25 Capsules can be prepared by dispersing the active ingredient in the lecithin and 
arachis oil and filling soft, elastic gelatin capsules with the dispersion. 

Composition E (Controlled release capsule) 

mg/capsule 

30 (a) Active ingredient 250 

(b) Microcrystalline Cellulose 125 

(c) Lactose BP 125 

(d) Ethyl Cellulose JI3 

513 

35 
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The controlled release capsule composition can be prepared by extruding mixed 
ingredients (a) to (c) using an extruder, then spheronising and drying the 
extrudate. The dried pellets are coated with a release controlling membrane (d) 
and filled into two-part, hard gelatin capsules. 

5 

Composition F (Enteric capsule) 
mg/capsule 



(a) 


Active ingredient 


250 


(b) 


Microcrystalline Cellulose 


125 


(c) 


Lactose BP 


125 


(d) 


Cellulose Acetate Phthalate 


50 


(e) 


Diethyl Phthalate 


_5 
555 



The enteric capsule composition can be prepared by extruding mixed 
15 ingredients (a) to (c) using an extruder, then spheronising and drying the 
extrudate. The dried pellets are coated with an enteric membrane (d) containing 
a plasticizer (e) and filled into two-part, hard gelatin capsules. 

Composition G (Enteric-coated controlled release capsule) 

Enteric capsules of Composition E can be prepared by coating the 
controlled-release pellets with 50mg/capsule of an enteric polymer such as 
cellulose acetate phthalate, polyvinylacetate phthalate, 
hydroxypropylmethylcellulose phthalate, or anionic polymers of methacrylic acid 
and methacrylic acid methyl ester (Eudragit L). Except for Eudragit L, these 
polymers should also include 10% (by weight of the quantity of polymer used) of 
a plasticizer to prevent membrane cracking during application or on storage. 
Suitable plasticizers include diethyl phthalate, tributyl citrate and triacetin. 

30 (iii) Intravenous injection composition 

Active ingredient ^ 0.200g 

Sterile, pyrogen-free phosphate buffer (pH 9.0) to 10 ml 



20 
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The active ingredfenf is dissolved in most of the phosphate buffer at 35-40°C f 
then made up to volume and filtered through a sterile micropore filter into sterile 
10 ml glass vials (Type 1) which are sealed with sterile closures and overseals. 

5 (iv) Intramuscular injection composition 



The active ingredient is dissolved in the glycofurol. The benzyl alcohol is then 
added and dissolved, and water added to 3 ml. The mixture is then filtered 
through a sterile micropore filter and sealed in sterile 3 ml glass vials (Type 1). 

15 

(v) Syrup composition 

Active ingredient 0.25g 
Sorbitol Solution 1.50g 
20 Glycerol 1.00g 
Sodium Benzoate 0.005g 
Flavour 0.0125ml 
Purified Water q.s. to 5.0ml 

25 The sodium benzoate is dissolved in a portion of the purified water and the 
sorbitol solution added. The active ingredient is added and dissolved. The 
resulting solution is mixed with the glycerol and then made up to the required 
volume with the purified water. 



10 



Active ingredient 
Benzyl Alcohol 
Glycofurol 75 

Water for Injection q.s. to 



0.20 g 
0.10 g 
1.45 g 
3.00 ml 



30 



(vi) Suppository composition 



mg/suppository 



35 



Active ingredient 

Hard Fat, BP (Witepsol H15 - Dynamit NoBel) 



250 
1770 
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2020 

One-fifth of the Witepsol H15 is melted in a steam-jacketed pan at 45°C 
maximum. The active ingredient is sifted through a 200lm sieve and added to 
the molten base with mixing, using a Silverson fitted with a cutting head, until a 
smooth dispersion is achieved. Maintaining the mixture at 45°C, the remaining 
Witepsol H15 is added to the suspension which is stirred to ensure a 
homogenous mix. The entire suspension is then passed through a 250lm 
stainless steel screen and, with continuous stirring, allowed to cool to 40°C. At 
a temperature of 38-40°C, 2.02g aliquots of the mixture are filled into suitable 
plastic moulds and the suppositories allowed to cool to room temperature. 

(vii) Pessary composition 

mg/pessary 



Active ingredient (63lm) 250 
Anhydrous Dextrose 380 
Potato Starch 363 
Magnesium Stearate _7 

1000 



The above ingredients are mixed directly and pessaries prepared by 
compression of the resulting mixture. 

(viii) Transdermal composition 

Active ingredient 200mg 
Alcohol USP o.1ml 
Hydroxyethyl cellulose 

The active ingredient and alcohol USP are gelled with hydroxyethyl cellulose 
and packed in a transdermal device with a surface area of 10 cm 2 . 
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CLAIMS 

1 - - A compbiind of: formirta (I) ^ 





(0 



wherein : 

I is an integer of from 1 to 4; 
m is an integer of from 0 to 2; 

R is independently selected from hydrogen, halogen, nitro, hydroxy, 
phenylalkoxy, C-f^j alkoxy, C^q alkyl, -SO3R", -CO2R" and -0(CH2) p S03R M 
wherein p is an integer of from 1 to 4 and R" is hydrogen or C<\.q a, ky'. wherein 
said phenylalkoxy, alkoxy and alkyl groups are optionally substituted by one or 
more halogen atoms; 

R 1 is phenyl or pyridyl optionally substituted by one to five groups independently 

selected from halogen, nitro, hydroxy, phenylalkoxy, C«j_4 alkoxy, C^jq alkyl, - 

S03R m , -C02R m and -0(CH2) p S03R m wherein p is an integer of from 1 to 4 

and R*" is hydrogen or alkyl, wherein said phenylalkoxy, alkoxy and alkyl 

groups are optionally substituted by one or more halogen atoms; 
2 

R is a group independently selected from alkyl (including cycloalkyl and 
cycloalkylalkyl), C2-6 alkenyl, and C2-6 alkynyl which groups are optionally 
substituted by one or more groups or atoms independently selected from 
halogen, oxo, alkoxy, hydroxy, amino optionally substituted by Ci_6 alk y'. 
thio, and alkylthio; 

R 3 is a group independently selected from C<\.q alkyl (including cycloalkyl and 
cycloalkylalkyl), C2.6 alkenyl, and C2-6 alkynyl which groups are optionally 
substituted by one or more groups or atoms independently selected from 
halogen, oxo, alkoxy, hydroxy, amino optionally substituted by Ci^ alkyl, 
thio, and alkylthio; 
X is CH 2 or NH; 
Y is CH2 or O; and 
Z is CH or N; 
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provided that wh n X is CH2, Y is O; 

and pharmaceutically acceptable d rivativ s or solvates th reof. 

2. A compound according to Claim 1 wh rein I is 1 or 2 and R is 
hydrogen, bromo, hydroxy, methoxy or a combination thereof. 

3. A compound according to Claim 1 or 2 wherein R 1 is unsubstituted 
phenyl. 

4. A compound according to any of Claims 1-3 wherein R 2 is ethyl and 
R3 is n-butyl. 

5. A compound according to any Claims 1-4 wherein X is NH, Y is CH2 
and Z is CH or N. 

6. A compound represented by formula (1d), (1e) or (1f) 




00 00 

\\/7 Wf 



Et 

n-Bu n " Bu V" 0 ^"-Bu 

Ph Ph 

(Id) (le) (If) 

wherein 

20 I is an integer of from 1 to 4; and 

R is independently selected from hydrogen, halogen, nitro, hydroxy, 
phenylalkoxy, C1.4 alkoxy, C^ alkyl, -S03R M , -CO2R" and -0(CH2) p S03R M 
wherein p is an integer of from 1 to 4 and R N is hydrogen or alkyl, wherein 
said phenylalkoxy, alkoxy and alkyl groups are optionally substituted by one or 

25 more halogen atoms; 

and pharmaceutically acceptable derivatives or solvates thereof. 



7. A compound selected from: 
(3S)-3-Butyl-3-ethyl-2 f 3,4,Meta^ 
30 1,1-dioxide; 
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• (3S):3-Butyl-3-etfiyW^^ nyl-1,2,5- 
benzothiadiazepine 1,1- dioxide; '*** 
(3S)-3-Butyl-3-ethyl-2/^^ 
benzothiadiazepine 1,1 -di xide; 
(3S)-3-Butyl-3^thyl-2,3,4,5-tetra^^ 
benzothiadiazepine 1,1-dioxide; 
(3S)-3-Butyl-3-Ethyl-2,3A5-Tetra^^ 
Benzothiadiazepine 1 , 1 -dioxide; 
(3S)-3-Butyl-3-ethyl-2,3,4,5-tetrahyd 
benzothiadiazepine 1,1-dioxide; 

(SS^S-Butyl-S-ethyl^^^.S-tetrahydro-y.B-dihydroxy-S-phenyl-I^.S- 
benzothiadiazepine 1,1-dioxide; 

(3S)-3-Butyl-3-ethyl-2 t 3,4,5-tetrahydro-7-hydroxy-8-methoxy-5-phenyl-1,2 t 5 
benzothiadiazepine 1,1-dioxide; 

(7S f 9R)-7-Ethyl-9-phenyl-7-butyl-6,7,8,9-tetrahydro-5-thia-6-aza- 
benzocycloheptane 5,5-dioxide; 

(3R,5R)-3-Butyl-3-ethyl-2,3-dihydro-8-methoxy-5-phenyl-5H-1,4- 
benzothioxepine 1,1-dioxide; 

(5R)-3, 3-Diethyl-2 t 3-dihydro-8-methoxy-5-phenyl-5H-1 ,4-benzothioxepine 1,1- 
dioxide; 

(SSJ-S-Butyl-S-ethyl^.S^.S-tetrahydro^-bromo-B-hydroxy-S-phenyl-l^^- 
benzothiadiazepine 1,1-dioxide; 

(3S)-3-Butyl-3-ethyl-2 t 3 t 4 f 5-tetrahydro-7-methoxy-8-hydroxy-5-phenyl-1 f 2 t 5- 

benzothiadiazepine 1,1-dioxide; 

or a pharmaceutical^ acceptable derivative thereof. 

8. A method of treating a clinical condition in a mammal for which a bile 
acid uptake inhibitor is indicated which comprises, administering to a mammal 
an effective bile acid uptake inhibition amount of a compound according to any 
one of claims 1-7. 

9. A pharmaceutical composition comprising a compound according to 
any one of claims 1 to 7, or a pharmaceutical^ acceptable salt, solvate or 
physiologically functional derivative thereof, at least one pharmaceutical^ 
acceptable carrier, and optionally one or more other physiologically active 
agents. 
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10. A compound according to any one of Claims 1 to. 7 or a 
pharmaceutical^ acceptable salt, solvate, or physiologically acceptable salt, 
solvate, or physiologically functional derivativ thereof for use in medical 
therapy. 

11. Use of a compound according to any one of Claims 1 to 7 or a 
pharmaceutical^ acceptable salt, solvate, or physiologically functional 
derivative thereof in the manufacture of a medicament for the prophylaxis or 
treatment of a clinical condition for which a bile uptake inhibitor is indicated. 

12. A process for the preparation of a compound according to Claim 1, or 
a salt, solvate or physiologically functional derivative thereof; which comprises: 

(a) wherein X is NH t Y is CH 2l 2 is N, and m is 2 by cyclization of compounds of 
formula (II): 




wherein L is a suitable leaving group, or 

(b) wherein X is NH, Y is CH 2 , Z is CH 2 and n is 2 by reduction of the olefinic 
bond of compounds of formula (X): 




(c) wherein X and Z are CH 2 , Y is O, and m is 0 by cyclization of compounds of 
formula (XVIII): 
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(d) by conversion of a different compound according to Claim 1 by standard 
methods. 
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